Abstract: A New type of sulfone (4) containing 1,1´-thiobis(2-hydroxynaphthalene) diacid as a monomer was synthesized from the reaction of 2-hydroxynaphthalene (1) and sulfur dichloride, followed by reaction with methylchloroactate to obtain diester (2). Oxidation of this product in the presence of hydrogen peroxide followed by basic hydrolysis led to corresponding sulfone diacid (4) in good yield. Six organic-soluble poly(ether-amide)s bearing sulfone groups were synthesized via direct polycondensation of diacid (4) H NMR and elemental analysis and their physical properties including viscosity, solubility properties, thermal stability and thermal behaviour were studied. These polyamides showed very good thermal stability and solubility in polar aprotic solvents.
Introduction
Aromatic polyamides (aramides) are a high temperature resistance engineering class of polymers which have good thermal stability, chemical resistance and mechanical properties [1] . Synthetic aramides are characterized as high temperature resistant materials with a favourable balance of other physical and chemical properties [2a] . However, difficulties are encountered in processing these polymers into articles due to their high melting and/or glass transition temperatures and/or their limited solubility in common organic solvents. Processable engineering plastics possessing moderately high softening temperature and solubility in some organic solvents are required for practical use. A valuable review is published by Garc a, José M. et.al. about varieties of attempts to increase the solubility of polyamides through the introduction of flexible or more soluble units in the polymer backbone or bulky pendant groups to the main chain [2b] .
Formation of aromatic polyamides generally carried out by solution polycondensation between different monomers and reaction conditions. Some methods use aromatic diamines that react with diacid dichlorides [3] [4] [5] [6] [7] [8] and other methods use high temperature reaction conditions, in which diamines react with aromatic diacids or diacid chlorides as Yamazaki's reaction [9] . Some aromatic polyamides contain intermolecular hydrogen bonding and thus crystallize easily. Due to these factors and problems, generally polyamides cannot dissolve in most organic solvents and are difficult to process. Therefore several attempts have been made to maintain thermal property and improve solubility [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . These studies include (i) introducing soft segment CH 2 in the main chain of polymer (ii) introducing sulfone group in the main chain of polyamide to break the symmetry of the polymer which suppress crystallization (iii) breaking symmetry and structural regularity makes crystallization impossible (iv) introduction of naphthol groups in the main chain to improve solubility.
[21]
We have recently included above structural conditions (except using p-cherosole instead of naphthol group) toward preparation of hydrophile nano-porous polyethersulfone membranes (PES) using synthesized poly(sulfoxide-amide)s (PSA) as additive in the casting solution. [22] We found that the addition of PSA in the casting solution enhance the tensile strength and elongation of membranes. This also resulted in the higher water flux, involved capability (higher flux and protein rejection) for milk concentration and enhanced mechanical strength.
These remarkable results encouraged us to synthesize naphthol containing polyamides and their corresponding dinaphthosulfone in this work. The effects of sulfide, [21] and sulfone functional groups on the thermal properties and solubility of polymers are evaluated. The preparations of membranes of these polymers are under study in our laboratory and will report later.
Results and discussion
The objective of this study was the preparation of novel thermally stable polyamides with bulky naphthyl-sulfone groups, because of their effect in solubility and processability without sacrificing their thermal stability. Thus, the synthesis of a new diacid with sulfone units was considered which have greater chain flexibility and tractability than their corresponding polymers without this group in the main chain.
Scheme 1. Preparation of diacid.
Accordingly, one aromatic diacid bearing flexible units such as ether and methylene and also naphthyl units was synthesized and reacted with six diamines to achieve polyamides. These polyamides have lower glass transition temperature, greater chain flexibility and tractability than their corresponding polymers without these groups in the main chain. Also, these polymers which contain both aryl ether and aryl sulfone linkages are amorphous.
As shown in Scheme 1, the method applied for the preparation of diacid is obvious.
(1) was synthesized from the reaction of 2-hydroxynaphthalene and sulfur dichloride based on the reported procedure [23, 24] . The corresponding diester (2) was synthesized with the reaction of (1) and metylchloroacetate in high yields. Sulfone diester (3) was prepared from the reaction of sulfide diester (2) and hydrogen peroxide (2 equivalents) in formic acid at room temperature in good yield (scheme 1). The 1 H NMR spectrum of sulfone diester (3) is illustrated in Figure 1 . Diacid (4) was prepared from the reaction of corresponding diester (3) and KOH (10%) in methanol in good yields (Fig. 2) . The syntheses of polyamides were performed via the Yamazaki method using NMP (N-methylpyrrolidinone), TPP (triphenyl phosphite) and Pyridine in the presence of Table 1 . The inherent viscosities and yields of polyamides are reported in Table 2 . 
Solubility behaviour
The solubility behaviour of the polyamides was tested qualitatively in a series of organic solvents such as N-methylpyrrolidinone (NMP), N,N-dimethylformamide (DMF), pyridine, tetrahydrofuran (THF), dimethylsulfoxide (DMSO), dimethylacetamide (DMAc) and m-cresol, and the results are summarized in Table 3 . All the polymers showed excellent solubility in polar solvents. This might be due to 
Thermal properties
The thermal stability of polyamides was evaluated by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). The entire polymers showed good thermal stability, the results are summarized in Table 4 and for one sample is shown in Figures 5 and 6 . Glass transition temperature of the polyamides was evaluated by differential scanning calorimetry (DSC) and the results are summarized in Table 4 . According to the structure of diamine, as insertion of methylene, ether and sulfone groups in the diamine structures increased the overall flexibility of the polymer chains and decreased the T g values. The polymers containing diamines without other flexible groups have high T g , because of the presence of lower flexibility in the overall polymer chains. The thermal stability of these polymers was studied by thermogravimetric analysis (TGA). All the polymers showed good thermal stability, their decomposition at air atmosphere began at about 205-238 °C as indicated by initial decomposition temperature (IDT). The IDT, polymer decomposition temperature for various percent of decomposition and char yield at 600 °C for all polymers are summarized in Table  4 . According to the obtained data for thermal stability, the polymers with diamines containing the methylene, ether and sulfone linkages show the lower thermal stability in comparison with the polymers containing diamines without these groups and more symmetric structure. Temperature of 10% weight loss T (10) was in the range of 276-327 °C which indicates excellent thermal stability in the prepared polymers. These results indicated that incorporation of naphthalene units into the polymers backbone enhanced the thermal stability. All the polymers revealed no clear melting 415  327  238  185  SNA-PPD  40  403  318  229  172  SNA-DAN  35  394  290  227  168  SNA-DAP  33  380  282  220  162  SNA-SDA  31  372  279  213  158  SNA-ODA  29  361  276  205  152 SNA-MDA endotherms up to the decomposition temperature on the DSC thermogram. These results also supported the amorphous nature of these polymers.
Conclusions
A series of polyamides based on the dinaphthosulfone diacid (4) were successfully obtained through the direct polycondensation reaction of diacid (4) with various diamines via Yamazaki method. All the substrates and polymers were fully characterized. Physical properties of the obtained polymers were studied and compared. These polymers showed enhanced solubilities and higher thermal stabilities. This is due to the presence of naphthalene groups in the presence of tetrahedral sulfone functional group. The presence of sulfone, ether and methylene groups in the diamine decreased thermal stability and polymers with higher symmetric structure in the diamines, as a result in the overall polymer chains showed the higher thermal stability. So, we afforded polyamides which lead to improved solubility and higher heat resistance.
Experimental part

Materials
All chemicals were purchased from Merck, Aldrich and Fluka chemical companies. Dinaohthosufide (1) was prepared based on the reported procedure from the reaction of sulfur dichloride (SCl 2 ) and 2-hydroxy naphthalene [22, 23] . N-Methyl-2-pyrrolidone (NMP) and pyridine (Py) were purified by distillation under reduced pressure over calcium hydride and stored over 4 A˚ molecular sieves. Triphenylphosphite (Tpp) was purified by fractional distillation under vacuum. To a mixture of 1 (6.04 g, 19 mmol), potassium carbonate (5.24 g, 38 mmol) and potassium iodide (catalytic) in acetonitrile (100 ml) at room temperature, were added methylchloroacetate (3.35 ml, 38 mmol). Then the reaction mixture was refluxed for 24 h. After completion of the reaction (monitored by TLC), the mixture was cooled to room temperature, water was added and extracted with chloroform (3×50 ml), washed with sodium hydroxide solution (10%), dried (Na 2 SO 4 ) and evaporated to afford a precipitate that recrystallized from ethanol, to give pure product in 91% yield. mp 126. To a mixture of (2) (2 mmol, 0.92 g) and formic acid (50 ml) at 0 ºC was added hydrogen peroxide (4 mmol, 0.44 ml), and stirred at room temperature for 12 h. After completion of the reaction (monitored by TLC), water was added and the resulting mixture filtered, washed with water, dried (Na 2 SO 4 ) and recrystallized in ethanol/THF to afford a white powder (3) -Synthesis of 1,1'-sulfoxobis-(2-naphthoxy acetic acid) (4) To a solution of methanol (50mL) and KOH (10%, 10ml) was added sulfone diester (3, 5.3mmol ). The reaction mixture was stirred at room temperature for 12 h. After completion of the reaction (monitored by TLC), water was added and the resulting mixture was filtered and the crude material recrystallized from ethanol and finally it was acidified by HCl to afford (4) 
Synthesis of polyamides
-Typical procedure for the synthesis of polyamides A 25 mL, two-necked, round-bottomed flask equipped with a magnetic stirrer and nitrogen gas inlet tube, was charged with diamine (1mmol), diacid (4) (1mmol), CaCl 2 (0.3g) , TPP (0.6ml), pyridine (0.5ml) and NMP (3ml). The mixture was heated and stirred at 120 °C under N 2 for 6 h. The resulting reaction mixture was poured into 300 mL of methanol. This stringy polymer was washed thoroughly with methanol and hot water, collected by filtration and dried under vacuum at 100 °C overnight. The yield was almost quantitative. The inherent viscosities were measured at a concentration of 0.5gdL -1 in DMAc at 30 °C. The elemental analyses, IR and 1 H NMR data of polymers are shown in Table 1 .
